Pulmonary artery sling is a rare congenital anomaly of the origin and course of the left pulmonary artery. Patients with this condition typically present with respiratory failure in young infancy, and asymptomatic cases are uncommon. We describe the case of an adult patient with a lung adenocarcinoma of the right upper lobe, extending into the hilum and superior mediastinum, and with a previously unknown pulmonary artery sling anomaly. The local invasiveness of the tumor and the peculiar vascular anatomy contributed to a unique surgical scenario, wherein multiple reconstructive procedures were required.
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(Ann Thorac Surg 2020;109:e55-7) Ó 2020 by The Society of Thoracic Surgeons P ulmonary artery sling (PAS) is a rare congenital anomaly in which the left pulmonary artery originates extrapericardially from the posterior aspect of the right pulmonary artery. The left pulmonary artery (LPA) passes over the right mainstem bronchus near its origin and turns left, coursing between trachea and esophagus to reach the left pulmonary hilum. 1 Virtually all individuals with this malformation have some compression of the right main stem bronchus and lower trachea by the anomalous LPA. Untreated patients commonly die from respiratory obstruction by the age of 6 months. 2 The surgical treatment of PAS requires repair of the vascular anomaly, by either pulmonary artery reimplantation or its translocation anterior to the trachea. Long segment congenital tracheal stenosis, whenever present, must be concurrently repaired. 3 In some individuals, the arterial anomaly is compatible with asymptomatic long-term survival and PAS is only an incidental finding. 4 For these rare cases, no correlation is described between this anomaly and the development of tumors.
A 56-year old man with history of persistent cough underwent chest roentgenogram examination, which revealed a right paramediastinal opacity. A subsequent contrast-enhanced computed tomography scan confirmed the presence of a 60-mm mass located in the right superior lobe. The lesion invaded the structures of the hilum and the superior mediastinum, including a tract of the LPA, which branched from the posterior aspect of the right main pulmonary artery with a PAS pattern ( Figure 1 ). Flexible bronchoscopy showed an enlarged secondary carina on the right and endoluminal infiltration of right superior lobe bronchus. Transbronchial needle aspiration biopsies resulted positive for adenocarcinoma, and positron emission tomography showed high uptake gradient corresponding to the lesion and no other sites of pathological uptake. After multidisciplinary evaluation, the decision was made for 3 courses of induction chemotherapy (carboplatin þ gemcitabine) followed by surgical resection. Posttreatment computed tomography scan revealed partial response, with mild decrease in maximum diameter (50 mm) and preoperative workup was permissive for surgical intervention.
Through a midline sternotomy incision, the pericardium was opened and the common trunk of the pulmonary artery was dissected up to its anomalous site of bifurcation, where the lesion was found infiltrating both main arterial branches. Next, the LPA was isolated distally, into the left pleural space, where it was clamped and sectioned. A bypass was performed with a 6-cm long Dacron (Dow, Midland, MI) prosthesis (22 mm in diameter) between the common trunk of the pulmonary artery and the distal portion of the LPA. The proximal termino-lateral anastomosis was accomplished by use of a partial occluding clamp on the common trunk of the pulmonary artery, with a single running 5/0 polypropylene suture (Figures 2A, 2B) .
The incision was extended with a right anterior thoracotomy into the fourth intercostal space. The tumor invaded the right pulmonary artery, the secondary carina, azygos vein, and the superior vena cava. The right pulmonary artery was clamped and divided both proximally and in its intrafissural portion, and then reconstructed by interposition of a Dacron prosthesis (22 mm in diameter) of 4 cm in length ( Figure 2C ). Transesophageal echocardiography was used throughout the procedure to monitor blood flow through the newly fashioned arterial conduits and heart chambers.
Next, the superior vena cava was clamped, divided, and substituted with a ringed polytetrafluoroethylene graft of 8 cm in length (16 mm in diameter). Lastly, the main bronchus and the truncus intermedius were amputated with enough margins, and the tumor removed en bloc with the right superior lobe. The airway was reconstructed with a 4/ 0 polydioxanone suture with a running fashion in the posterior part, and interrupted sutures in the anterolateral parts ( Figure 2C) . A pedicled pericardial flap was used to cover the bronchial anastomosis and systematic lymphadenectomy was performed. Operative time was 8 hours 55 minutes and total blood loss was 700 mL. Intraoperative boli of 5000 IU intravenous heparin were administered at the time of vessel clamping. Anticoagulation with heparin and antiaggregation with acetylsalicylic acid were started in the early postoperative period and maintained.
Postoperative course was uneventful and the patient was discharged on postoperative day 8.
Final pathology report confirmed lung adenocarcinoma with microscopically negative excised margins, ypT4N0. The patient underwent consolidation radiotherapy. At 3-month follow-up we repeated a computed tomography angiogram that confirmed graft patency ( Figure 3B) , with no signs of relapse, and anticoagulation therapy was switched to warfarin.
Comment
According to the literature, only 10% of patients with a pulmonary artery sling malformation are asymptomatic. 4 The particularity of this case, however, consists in the coexistence of the vascular anomaly with a right-sided lung cancer invading the pulmonary artery at its anomalous site of bifurcation, which created a unique surgical scenario.
The surgical treatment of PAS in children is well described: it is performed through median sternotomy, a cardiopulmonary bypass (CPB) is generally instituted with beating heart and mild hypothermia. Then, the anomalous LPA is dissected circumferentially for its entire length, transected near its origin and reimplanted into the main pulmonary artery, anterior to the trachea. 3 In the setting of locally advanced lung cancer, however, the use of CPB is controversial, due to concerns of increased lung dysfunction, bleeding, and CPB-induced tumor dissemination. 5 In the present case, the circumferential dissection was not possible because of vessel infiltration by the tumor. Nevertheless, thanks to the bypass performed at the beginning of the procedure, and to a careful anesthetic management, surgery was carried out without need for CPB.
Because the bronchovascular elements for the middle and lower lobe were not involved by the tumor, a parenchyma-sparing resection was deemed appropriate. This indication is supported by several studies that suggest that lobectomy with bronchial and/or arterial sleeve resection is oncologically comparable to pneumonectomy, with no increased postoperative morbidity, lower mortality, and better quality of life. 6 In conclusion, this is the first reported case of resection of a lung neoplasm in a patient with a concurrent vascular sling malformation. The location of the tumor, relative to the pulmonary arterial bifurcation, was unfavorable; however, thanks to a carefully planned surgical strategy, resection was successfully carried out with limited morbidity. 
